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The present invention has its object to provide 





a curable composition insuring a reduced stress without 
sacrificing restoring force and other physical properties 
and having a sufficient degree of adhesiveness. 

The present invention is related to a curable com- 
position comprising comprising an oxyalkylene polymer 
having at least one reactive silicon group per molecule 
(A-1). 

an acid (B), 

an amine (C), and 

a tin-series curing catalyst (D). 
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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a curable composition which is conducive to reducing a tensile stress with 
a high restoring force retained and has a sufficiently high degree of adhesiveness. 

BACKGROUND ART 

10 [0002] Polymers containing reactive silicon groups cure by crosslinking in the presence of moisture. A curable com- 
position utilizing a polymer the backbone chain of which is a polyoxypropylene, among them, has the characteristic of 
being liquid at room temperature but forming a rubber elastomer on curing and has, therefore, been used universally 
as, for example, a sealant for architectural use. 

[0003] For use in architectural applications, a curable composition is required to be of high restoring force and low 

15 stress in order to follow the shrinkage of joints. 

[0004] As means for implementing a low stress feature, a method, comprising changing polymer species and that 
comprising increasing the amount of the curing catalyst, and the like are known. However, with any of such means, a 
reduction in stress is accompanied by a decrease in restoring force so that a curable composition having a satisfactory 
balance of stress and restoring force cannot be obtained. 

20 [0005] Moreover, in order that such a composition can be used as a sealant, the composition is further required to 
have satisfactory adhesive properties. For the construction of a cured product of the sealant, a tin-series curing catalyst 
or an amine-series promoter is usually employed. However, the concomitant use ,of an amine compound causes the 
problem of lowering adhesiveness and is, therefore, not recommendable for sealant use. 

25 DISCLOSURE OF THE INVENTION 

[0006] The present invention is directed to a curable composition comprising an oxyalkylene polymer (A-1) having 
at least one reactive silicon group per molecule, an add (B), an amine (C), and a tin-series curing catalyst (D). 
[0007] The invention is now described in detail. 
30 [0008] The present invention comprises an oxyalkylene polymer (A-1), an acid (B), an amine (C) and a tin-series 
curing catalyst (D). 

[0009] The component (A-1) mentioned above contains at least one reactive silicon group per polymer molecule. If 
the number of reactive silicon groups per molecule is less than 1 , the polymer will be insufficient in curability, and, there- 
fore, the above range must be adhered to. The preferred number is 1 .1 to 5. Exceeding 5 is undesirable, for the network 
35 Structure will become too dense to show satisfactory mechanical characteristics. 

[0010] The backbone chain of said oxyalkylene polymer (A-1) having at least one reactive silicon group per mole- 
cule has a repeating unit of the following general formula (1). 

-R^-O- (1) 

40 

(wherein R"' represents a divalent hydrocarbon group) 

[001 1] R"" mentioned above is not particularly restricted insofar as it is a divalent hydrocarbon group but is prefera- 
bly a methylene group or a straight-chain or branched-chain alkylene group containing 2 to 14 carbon atoms. The more 
preferred group is a straight-chain or branched-chain alkylene group of 2 to 4 carbon atoms. 
45 [001 2] The repeating unit of the general formula (1) mentioned above is not particularly restricted, but there can be 
mentioned -CHgO-, -CH2CH2O-, -CH2CH(CH3)0-, -CH2CH(C2H5)0-, -CH2C(CH3)20-, and -CH2CH2CH2CH2O-, 
among others. 

[001 3] The backbone chain of said oxyalkylene polymer (A-1) may comprise one species of said repeating unit rep- 
resented by general formula (1) or comprise two or more species of said repeating units. 
50 [0014] Said backbone chain of oxyalkylene polymer (A-1) may contain urethane-binding and/or other moieties 
within the range not seriously affecting the characteristics of the oxyalkylene polymer. The urethane-binding moiety 
mentioned above are not 

[0015] particularly restricted, but there can be mentioned the moiety available from the reaction of an aromatic 

polyisocyanate, e.g. toluene(tolylene) diisocyanate, diphenylmethane diisocyanate, xylylene diisocyanate or the like, or 
55 an aliphatic polyisocyanate, e.g. isophorone diisocyanate, hexamethylene diisocyanate or the like, with a polyol having 
the above repeating unit of the general formula (1). 

[001 6] The reactive silicon group in said component (A-1) is a silicon-containing group having a hydrolyzable group 
or a hydroxyl group as the reactive group and is preferably a group of the following general formula (2). 
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-[Si(R2)2-a(X)aO]^-Si(R3)3.b(X)b (2) 

wherein and R^ are the same or different and each represents an alkyi group of 1 to 20 carbon atoms, an aryl 
group of 6 to 20 carbon atoms, an aralkyi group of 7 to 20 carbon atoms or a triorganosiloxy group of the formula 

5 (R^)3SiO- in which R"^ represents a monovalent hydrocarbon group of 1 to 20 carbon atoms and the three groups 
may be the same or different; when R^ or R^ exists in 2 or more, each may represent the same group or different 
groups; X represents a hydrolyzable group or a hydroxy! group and when X exists in 2 or more, each may represent the 
same group or different groups; a represents an integer of 0 to 2; b represents an integer of 0 to 3; m represents an 
integer of 0 to 1 9 and when m exists in 2 or more, a in m of the - [Si(R^)2.a(X)aO]m- group may represent the same value 

10 or different values. It should be understood that said reactive silicon group of the general formula (2) contains at least 
one hydrolyzable group or hydroxyl group represented by X. 

[0017] The above-mentioned alkyI group of 1 to 20 carbon atoms is not particularly restricted, but there can be 

mentioned methyl, ethyl, isopropyl, butyl, t-butyl and cyclohexyl, among others. 

[0018] The aryl group of 6 to 20 carbon atoms is not particularly restricted but may for example be phenyl or naph- 
15 thyl. 

[001 9] The aralkyi group of 7 to 20 carbon atoms is not particularly restricted but may for example be benzyl. 
[0020] The monovalent hydrocarbon group of 1 to 20 carbon atoms is not particularly restricted, but there can be 
mentioned methyl, ethyl, isopropyl, butyl, t-butyl, pentyl, ethinyl, 1-propenyl, vinyl allyl, 1 -methylbutyl, 2-ethylbutyl and 
phenyl, among others. 

20 [0021] Said hydrolyzable group represented by X is not particularly restricted, but there can be mentioned various 
known groups such as hydrogen, halogen, alkoxy, acyloxy, ketoximate, amino, amido, acid amide, aminooxy, mercapto, 
alkenyloxy, etc. Among these, hydrogen, alk)xy, acyloxy, ketoximate, amino, amido, aminooxy, mercapto and alkenyloxy 
are preferred, and from the standpoint of mild hydrolyzability and ease of handling, atoxy groups are particularly pre- 
ferred. 

25 [0022] The hydroxyl or hydrolyzable group represented by X can bind, within the range of 1 to 3, to one silicon atom. 
Moreover, the sum of the hydroxyl and hydrolyzable groups in said reactive silicon group of the general formula (2) is 
preferably within the range of 1 to 5. 

[0023] The silicon atom forming said reactive silicon group may be one or two or more, and when silicon atoms are 
joined by siloxane bonding or the like, the number may be 20 at a maximum. 
30 [0024] Among reactive silicon groups represented by the above general formula (2), reactive silicon groups of the 
following general formula (3) are readily available and, therefore, can be used with advantage in the practice of the 
present invention. 

-Si(R2)3.bXb (3) 

35 

(wherein R^, X, and b are as defined hereinbefore). 

[0025] Referring to said component (A-1), the method for introduction of said reactive silicon group of the general 
formula (2) is not particularly restricted but any of the known methods, such as the following, can be utilized. 

40 (1) The process comprising reacting an oxyalkylene polymer having a functional group such as hydroxyl within its 
molecule with an organic compound having an active group reactive to said functional group and an unsaturated 
group to thereby give an unsaturated group-containing oxyalkylene polymer or carrying out a copolymerization 
reaction with an epoxy compound containing an unsaturated group to thereby give an unsaturated group-contain- 
ing oxyalkylene polymer and then hydrosilylating the resulting unsaturated group-containing oxyalkylene polymer 

45 with a reactive silicon group-containing hydrosilane. 

(2) The process comprising an unsaturated group-containing oxyalkylene polymer prepared in the same manner 
as in process (1) with a compound having a mercapto group and a reactive silicone group. 

(3) The process comprising reacting an oxyalkylene polymer having a functional group, such as hydroxyl, epoxy 
and isocyanato, within its molecule with a compound having a functional group reactive to this functional group and 

50 a reactive silicon group. 

[0026] Among the above processes, either process (1) or process (3) wherein the hydroxy-terminated polymer is 
reacted with a compound having an isocyanate group and a reactive silicon group is preferred. 
[0027] The above component (A-1) may be a straight-linear polymer or a branched linear polymer and its molecular 
55 weight is preferably about 500 to 50000, more preferably 1000 to 30000. 

[0028] Species of said component (A-1) are not particularly restricted, but there can be mentioned the polymers 
disclosed in Japanese Kokoku Publication Sho-45-36319, Japanese Kokoku Publication Sho-46-12154, Japanese 
Kokai Publication Sho-50- 156599, Japanese Kokai Publication Sho-54-6096, Japanese Kokai Publication Sho-55- 
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13767, Japanese Kokai Publication Sho-55-13468, Japanese Kokai Publication Sho-57-164123, Japanese Kokoku 
Publication Hei-3-2450, USP 3,632,557, USP 4.345,053, USP 4,366,307 and USP 4,960,844 and the polyoxyalkylene 
polymers having high molecular weights but narrow molecular weight distributions with number average molecular 
weights ^ 6000 and Mw/Mn values ^ 1.6 as disclosed in Japanese Kokai Publication Sho-61 -197631, Japanese Kokai 
5 Publication Sho-61 -2 15622, Japanese Kokai Pitolication Sho-61 -21 5623 and Japanese Kokai Publication Sho-61 - 
218632, among others. 

[0029] The reactive silicon group-containing oxyalkylene polymer (A-1) mentioned above can be used each alone 

or in a combination of two or more species. 

[0030] The present invention may also be carried into practice using a blend of said oxyalkylene polymer (A-1) with 

10 a reactive silicone group-containing vinyl polymer (A-2). 

[0031] The reactive silicon group-containing vinyl polymer (A-2] mentioned above is preferably a polymer obtaina- 
ble by introducing said reactive silicon group of the general formula (2) into a vinyl copolymer. The reactive silicon 
group-containing vinyl polymer (A-2) is not particularly restricted, but there can be mentioned the polymers disclosed in 
Japanese Kokai Publication Sho-59- 122541, Japanese Kokai Publication Sho-63- 112642, and Japanese Kokai Publi- 

15 cation Hei-6-1 72631 , among others. 

[0032] More particularly, those polymers are obtainable by introducing said reactive silicon group of the general for- 
mula (2) into a molecular chain substantially comprising an acrylic ester monomer unit and/or methacrylic ester mono- 
mer unit having an alkyi group of 1 to 8 carbon atoms which is represented by the following general formula (4): 

20 -CH2-C(R^)(C00R4)- (4) 

(wherein represents an alkyI group containing 1 to 8 carbon atoms; represents a hydrogen atom or a methyl 
group) and an acrylic ester monomer unit and/or methacrylic ester monomer unit having an alkyI group of not less than 
10 carbon atoms, which is represented by the following general formula (5): 

25 

-CH2-C(R7)(C00R6)- (5) 

(wherein R^ represents an alkyI group containing not less than 10 carbon atoms; R^ represents a hydrogen atom or a 
methyl group) optionally together with some other monomer units. 
30 [0033] In the above general formula (4), R^ is not particularly restricted insofar as it is an alkyI group of 1 to 8 carbon 

atoms, thus including methyl, ethyl, propyl, n-butyl, t-butyl and 2-ethylhexyl, among others. Particularly preferred are 
alkyI groups having 1 to 4 carbon atoms, with alkyI groups having 1 to 2 carbon atoms being still more preferred. Those 
may be used each alone or in a combination of two or more species. 

[0034] In the above general formula (5), R^ is not particularly restricted insofar as it is an alkyI group containing not 
35 less than 10 carbon atoms, but there can be mentioned lauryl, tridecyl, cetyl, stearyl, nonadecyl, eicosyl and behenyl, 

among others. Particularly preferred are alkyI groups having 10 to 30 carbon atoms, with alkyI groups having 10 to 20 

carbon atoms being still more preferred. Those may be used each alone or in a combination of two or more species. 

[0035] The molecular chain of said reactive silicon group-containing vinyl polymer (A-2) substantially comprises 

said monomer unit of the general formula (4) and said monomer unit of the general formula (5). The term "substantially" 
40 in this context means that the sum of the monomer units of the general formula (4) and general formula (5) in said 

molecular chain is in excess of 50 weight %. It is preferred that the sum of said monomer unit of the general formula (4) 

and monomer unit of the general formula (5) is not less than 70 weight %. 

[0036] Furthermore, the occurrence ratio of said monomer unit of the general formula (4) to said monomer unit of 
the general formula (5) is preferably 95:5 to 40:60 by weight, more preferably 90:10 to 60:40 by weight. 
45 [0037] The other monomer units mentioned above are not particularly restricted, but there can be mentioned other 
monomer units derived from: 

acrylic acids such as acrylic acid, methacrylic acid, etc.; amide group-containing monomers such as acrylamide, 
methacrylamide, N-methylolacrylamide, N-methylolmethacrylamide, etc.; epoxy group-containing monomers such 
50 as glycidyl acrylate, glycidyl methacrylate, etc.; therefrom amino group-containing monomers such as diethylami- 
noethyl acrylate, diethylaminoethyl methacrylate, aminoethyl vinyl ether, etc.; acrylonitrile, styrene, a-methylsty- 
rene, alkyI vinyl ethers, vinyl chloride, vinyl acetate, vinyl propionate, and ethylene or the like. 

[0038] The method of introducing said reactive silicon group into the molecular chain comprising said monomer 
55 units is not particularly restricted but any of the known processes can be utilized. For example, a vinyl monomer con- 
taining said reactive silicon group of the general formula (2) can be introduced by way of copolymerization. 
[0039] In this procedure, said reactive silicon group-containing vinyl monomer is used in such a proportion that the 
average number of reactive silicon groups in said reactive silicon group-containing vinyl polymer (A-2) will be not less 
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than 1 , preferably not less than 1.1, and more preferably not less than 1 .5 in order that a sufficient degree of curability 
may be obtained. 

[0040] Moreover, the introduction of said reactive silicon group is preferably carried out so that the apparent number 
average molecular weight per reactive silicon group will be 300 to 4000. 
5 [0041] Said reaction silicon group-containing vinyl polymer (A-2) is preferably a polymer with a number average 
molecular weight of 500 to 100000 from the standpoint of ease of handling. 

[0042] The relative amount of said reactive silicon group-containing vinyl polymer (A-2) based on 100 weight parts 
of said reactive silicon group-containing oxyalkylene polymer (A-1) is preferably 0.1 to 1000 weight parts, more prefer- 
ably 1 to 200 weight parts. 

10 [0043] Furthermore, in the present invention, a polymer obtainable by polymerizing a (meth) acrylic ester monomer 
in the presence of said reactive silicon group-containing oxyalkylene polymer (A-1) can also be used. This type of pol- 
ymer has been typically described in Japanese Kokai Publication Sho-59-78223, Japanese Kokai Publication Sho-59- 
168014, Japanese Kokai Publication Sho-60-228516 and Japanese Kokai Publication Sho-60-228517, among other 
publications, however it is not limited to these polymers. 

15 [0044] The acid (B) to be formulated in the curable composition of the present invention is not particularly restricted 
but various organic acids and inorganic acids can be used. As typical examples of the acid (B) which can be used, the 
following compounds can be mentioned, however it is not limited to these acids. 

0 Carboxylic acids 

20 

[0045] The carboxylic acids are not particularly restricted, but there can be mentioned saturated monocarboxylic 
acids such as formic acid, acetic acid, acetoacetic acid, ethyl methylacetic acid, propionic acid, butyric acid, isoacetic 
acid, 2 -ethyl butyric acid, ethoxyacetic acid, valeric acid, isovaleric acid, hexanoic acid, 2-ethylhexanoic acid, octanoic 
acid, decanoic acid, undecanoic acid, stearic acid, glyoxylic acid, glycolic acid, gluconic acid, etc.; olefinmonocarboxylic 
25 acids such as acrylic acid, methacrylic acid, angelicic acid, crotonic acid, isocrotonic acid, 10-undecenoic acid, elaidic 
acid, erucic acid, oleic acid, etc.; 

acetylenemonocarboxylic acids such as propiolic acid etc.; diolefincarboxylic acids such as linoleic acid, linoelaidic 
acid, etc.; polyunsaturated monocarboxylic acids such as linolenic acid, arachidonic add, etc.; saturated dicarbox- 
30 ylic acids such as adipic acid, azelaic acid, ethylmalonic acid, glutaric acid, oxalic acid, malonic acid, succinic acid, 
oxydiacetic acid, etc. ; unsaturated dicarboxylic acids such as maleic acid, fumaric acid, acetylenedicarboxylic acid, 
itaconic acid, etc.; tricarboxylic acids such as aconitic acid, citric acid, isocitric acid; and aromatic monocarboxylic 
acids such as benzoic acid, 9-anthracenecarboxylic acid, atrolactinic acid, anisic acid, isopropylbenzoic acid, sali- 
cyclic acid and toluic acid, etc., among others. 

35 

® Phosphoric acids 

[0046] The phosphoric acids mentioned above are not particularly restricted, but there can be mentioned phos- 
phoric acid and its partial esters, such as inorganic phosphoric acid, phosphoric monomethyl ester, phosphoric dimethyl 

40 ester, phosphoric monoethyl ester, phosphoric diethyl ester, phosphoric monobutyl ester, phosphoric dibutyl ester, 
phosphoric mono-2- ethyl hexyl ester, phosphoric di-2-ethylhexyl ester, phosphoric monoisopropyl ester, phosphoric 
diisopropyl ester, phosphoric monooctyl ester, phosphoric dioctyl ester, phosphoric monooleyl ester, phosphoric dioleyl 
ester, etc.; phosphorous acid and its partial esters; alkyl(or aryl)phosphonic acids and partial esters of alkyl(or 
aryl)pho5phonic acids; dialkyl(or aryl)phosphinic acids and partial esters of dialkyl(or aryl)phosphinic acids, among oth- 

45 ers. 

® Other acids 

[0047] As the acids other than the above-mentioned acids, which can be used, there can be mentioned sulfonic 
50 acids such as p-toluenesulfonic acid, methanesulfonic acid, benzenesulfonic acid, naphthalene-a-sulfonic acid, etc.; 
and inorganic acids such as hydrochloric acid and sulfuric acid, among others. 

[0048] As said acid (B), the acids mentioned above can be used each alone or in a combination of two or more spe- 
cies. In the present invention, carboxylic acids can be used with advantage from the standpoint of ease of use. 
[0049] The amine (C) to be formulated in the curable composition of the present invention is not particularly 
55 restricted insofar as it is a compound having at least one amino group within its molecule, but there can be mentioned 
a variety of amines such as primary amines, secondary amines and tertiary amines and amine derivatives. 
[0050] The primary amines mentioned above are not particularly restricted, but there can be mentioned aliphatic 
primary amines such as methylamine, ethylamine, propylamine, isopropylamine, isopropyl alcohol amine, butylamine, 



5 



EP1 024 170 A1 



1-ethylbutylamjne, isobutylamine, pentylamine, octylamine, laurylamine, monoethanolamine, diethylaminopropylaniine, 
oleylamine, cyclohexylamine, benzylamine, guanidine, 2-ethylhexylamine, triethylenetetramine, etc. and aromatic pri- 
mary amines such as aniline, nitroaniline, phenylenediamine, toluidine, toluylamine, xylenediamine, 2,3-xylidine, anisi- 
dine, phenetidine, benzidine, benzylamine, naphthylamine and so forth. 

5 [0051 ] The secondary amines mentioned above are not particularly restricted, but there can be mentioned aliphatic 
secondary amines such as dimethylamine, diethylamine, diethanolamine, diethylenetriamine, dibutylamine, N-methyl- 
butylamine, piperidine, diisopentylamine, pyrrolidine, morpholine, 2-ethyl-4-methylimidazole, etc. and aromatic second- 
ary amines such as N-ethylnaphthylamine, acetanilide, benzylaniline, diphenylguanidine and so forth. 
[0052] The tertiary amines mentioned above are not particularly restricted, but there can be mentioned aliphatic 

10 tertiary amines such as trimethylamine, triethylamine, triethanolamine, tripropylamine, tributylamine, N,N-dimethyl- 
butylamine, N,N-dimethyloctylamine, N,N-dimethyllaurylamine, 1,4-diazabicyclo[2.2.2]octane (DABCO), 1,8-diazabicy- 
clo[5.4.0]undecene (DBU)-7, etc. and aromatic tertiary amines such as N,N-dimethylaniline, N,N-dibenzylaniline, 
dimethylaminobenzoic acid, 2,4,6-tris(dimethylaminomethyl)phenol and so forth. 

[0053] As said component (C), these amines can be used each alone or in a combination of two or more species. 

15 Among these amines, primary amines are preferred from the standpoint of activity. 

[0054] The tin catalyst (D) to be formulated in the curable composition of the present invention is not particularly 
restricted, but there can be mentioned salts of tin with carboxylic acids, such as dibutyl dilaurate, dibutyltin maleate, dib- 
utyltin diacetate, stannous octoate, stannous naphthenate, etc., reaction products of dibutyltin oxide with phthalic 
esters, and tin alkoxides such as dibutyltin diacetylacetonate, dibutyltin bis(ethyl acetoacetate) and dibutyltin dimethox- 

20 ide and so forth. 

[0055] It is preferred that the above-mentioned component (B) and component (C) to be formulated in the present 
invention are added each in molar excess over said component (D). 

[0056] If the formulating amount of said component (B) or said component (C) is not more than equimolar to the 
component (D), the strain-reducing effect will be drastically compromised, therefor the case is not preferable. 
25 [0057] The amount of said component (D) relative to 100 weight parts of oxyalkylene polymer (A-1) is preferably 
0.1 to 20 weight parts, more preferably 0.1 to 10 weight parts. If the amount is less than 0. 1 weight part, the curing reac- 
tion of the formulation will not proceed sufficiently If the amount of component (D) exceeds 20 weight parts, localized 
heating and foaming will take place in curing so that no satisfactory cured product will be obtained, therefor the case is 
not preferable. 

30 [0058] The curable composition of the present invention may be supplemented with any of various plasticizers 
where necessary 

[0059] Said plasticizers are not particularly restricted, but there can be mentioned phthalic ester plasticizers such 
as dimethyl phthalate, diethyl phthalate, dibutyl phthalate, diheptyl phthalate, dioctyl phthalate, diisononyl phthalate, 
diisodecyl phthalate, diisoundecyl phthalate, butyl benzyl phthalate, dilauryl phthalate, dicyclohexyl phthalate, etc.; 

35 epoxy plasticizers such as epoxidized soybean oil, epoxidized linseed oil, benzyl epoxystearate, etc.; polyester plasti- 
cizers such as polyesters of dibasic acids with a dihydric alcohol; polyethers such as polypropylene glycol and its deriv- 
atives, among others. Those plasticizers can be used each alone or in a combination of two or more species. 
[0060] The curable composition of the present invention may optionally contain a silyl hydrolyzing-condensation 
catalyst other than said tin catalyst for promoting the reaction of said reactive silicon group. Such silanol catalysts other 

40 than tin catalysts are not particularly restricted, but there can be mentioned titanic esters such as tetrabutyl titanate, 
tetrapropyl titanate, etc.; organoaluminum compounds such as aluminum trisacetylacetonate, aluminum tris (ethyl ace- 
toacetate), diisopropoxyaluminum ethylacetoacetate, etc.; reaction products of a bismuth salt with organic carboxylic 
acids, such as bismuth tris(2-ethylhexanoate), bismuth tris(neodecanoate), etc.; chelate compounds such as zirconium 
tetraacetylacetonate, titanium tetraacetylacetonate, etc.; organolead compounds such as lead octoate etc.; and orga- 

45 novanadium compounds, among others. Those catalysts can be used each alone or in a combination of two or more 
species. 

[0061] Where necessary the curable composition of the present invention may be further supplemented with vari- 
ous additives such as a dehydrating agent, a compatibilizing agent, an adhesion improving agent, a modifier, a storage- 
stability improving agent, a filler, an antioxidant, an ultraviolet absorber, a sequestrant, an antiozonant, a light stabilizer, 
50 an amine series radical chain terminator, a phosphorus series peroxide decomposer, a lubricant, a pigment, a blowing 
agent, a flame retardant, an antistatic agent and so forth. 

[0062] Said filler is not particularly restricted, but there can be mentioned wood meal, walnut shell flour, rice hull 
flour, pulp, cotton chip, mica, graphite, diatomaceous earth, China clay kaolin, clay, talc, pyrogenic or fumed silica, pre- 
cipitated silica, silicic anhydride, quartz powder, glass beads, calcium carbonate, magnesium carbonate, titanium oxide, 
55 carbon black, glass balloon, aluminum powder, zinc dust, asbestos, glass fiber, carbon fiber and so forth. These fillers 
can be used each alone or in a combination of two or more species. 

[0063] The curable composition of the present invention may contain, in addition to said oxyalkylene polymer (A-1) 
containing at least one reactive silicon group per molecule, another polymer having a reactive silicon group. Among 
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such polymers, polydimethylsiloxane can be mentioned as an example. 

[0064] The method of producing the curable composition of the present invention is not particularly restricted. Thus, 
for example, said component (B), component (C) and component (D) may be independently added to said component 
(A-1) or to said (A-1) component having (A-2) blended. Alternatively said components (B) and (C) may be added in the 
5 first place and said component (D) be then added. Preferred is the latter method. Furthermore, where necessary the 
method of preparing a uniform dispersion by judicious control of heat and agitation conditions or the method comprising 
dissolving and mixing each component by means of a mixer, a roll, or a kneader can be employed. A dispersibility 
improving agent may also be used concomitantly. 

[0065] The curable composition that can be obtained in the above manner can be provided not only in a two-com- 
10 ponent type but also in a one-component type. Such a one-component type can be provided by preparing the curable 
composition of the invention in a substantially anhydrous state, and this system can enjoy a long shelf-life if stored in a 
hermetically sealed condition and yet, upon exposure to the atmospheric air, begins to cure promptly from the surface. 
[0066] The curable composition of the present invention finds application as an elastomeric sealant in the building, 
civil engineering and industrial fields, and can be used as a paint, an adhesive, an impregnant or a coating material as 
15 well. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0067] The following examples illustrate the present invention in further detail but are by no means limitative of the 
20 scope of the invention. 

Example 1 

[0068] An internal mixer (planetary mixer) was charged with 65 wt. parts of Kaneka MS Polymer S203 available 
25 from Kaneka Corporation, as said hydrolyzaWe silyl group-terminated oxyalkylene polymer, and 35 wt. parts of Kaneka 
MS polymer S303 available from Kaneka Corporation, as said hydrolyzable silyl group-terminated oxyalkylene polymer, 
70 weight parts of DIDP (diisodecyl phthalate) as plasticizer, 200 weight parts of surface-modified ground calcium car- 
bonate as filler, 1 0 weight parts of titanium oxide, 1 0 weight parts of aliphatic amide wax as antisagging agent, 1 weight 
part of ultraviolet absorber and 1 weight part of light stabilizer, and the charge was dehydrated with constant mixing in 
30 vacuo at 120°C for 2 hours. After cooling to room temperature, 3 weight parts of vinyltrimethoxysilane as viscosity sta- 
bilizer, 2 weight parts of N-(p-aminoethyl)-y-aminopropyltrimethoxysilane as a tackif ier, a mixture of 2.33 weight parts of 
2-ethylhexanoic acid and 3.0 weight parts of laurylamine as curing catalyst, and 1 weight part of dibutyltin diacetylace- 
tonate (U-220) were further added and the mixture was stirred at room temperature and dispensed into an air-tight ves- 
sel to provide a one-component curable composition. 
35 [0069] The tensile properties, recovery and adhesiveness of the composition thus obtained were evaluated by the 
following methods. The results are shown in Table 1 . 

Tensile properties 

40 [0070] The composition was spread in a thickness of about 3 mm and allowed to sit at 23°C, 55% RH for 3 days 
and then at 50°C for 4 days to provide a cured product. This specimen was evaluated for tensile properties in accord- 
ance with J IS K6301. 

[0071] The cured product obtained in the same manner as above was allowed to sit at 70°C for 2 days, in water at 
23**C for 1 day, at 70°C for 3 days, in water at 23**C for 1 day and at 23°C, 55% RH for 1 day in the order mentioned. 
45 From this sheet, a specimen in the shape of a No. 3 dumbbell as directed in J IS K6301 was punched out and kept 
stretched from 20 mm to 40 mm between markings for 24 hours. At one hour after release of the tension, the percent- 
age recovery of the length between the markings was calculated. 

Adhesiveness 

50 

[0072] Using aluminum, glass and mortar as substrates, the sealant was spread on each substrate surface and 
allowed to sit for curing at 23°C, 55% RH for 7 days to give cured products. The cured samples were respectively sub- 
jected to a hand peel test and the degree of peel was visually evaluated according to the following criteria. 

55 O : Little interfacial peel between sealant and substrate 
A: Some interfacial peel between sealant and substrate 
X: Substantial interfacial peel between sealant and substrate 
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Examples 2 to 6 and Comparative Examples 1 to 4 

[0073] Using 2-ethylhexanoic acid, laurylamine and dibutyltin diacetylacetonate in the amounts indicated in Table 
1 , the procedure of Example 1 was otherwise repeated. The results are shown in Table 1. 

[0074] The numbers of moles of 2-ethylhexanoic acid, laurylamine and dibutyltin diacetylacetonate used in Exam- 
ples 5 and 6 were equal. The results are shown in Table 1 . 



Table 1 
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INDUSTRIAL APPLICABILITY 

[0075] The present invention, constituted as described above, can provide a curable composition insuring a 
reduced stress without sacrificing restoring force and other physical properties and having a sufficient degree of adhe- 
5 siveness. 

Claims 

1. A curable composition comprising an oxyalkylene polymer having at least one reactive silicon group per molecule 
10 (A-1), 

an acid (B), 

an amine (C), and 

a tin-series curing catalyst (D). 

15 

2. The curable composition according to Claim 1 comprising a vinyl polymer having a reactive silicon group (A-2) as 
blended with said oxyalkylene polymer having at least one reactive silicon group per molecule (A-1). 

3. The curable composition according to Claim 1 or 2 wherein the reactive silicon group is represented by the general 
20 formula (2): 

■[Si(R2)2.a(X)aO]^-Si(R3)3.b(X)b (2) 

wherein R^ and R^ are the same or different and each represents an alkyi group of 1 to 20 carbon atoms, an aryl 
25 group of 6 to 20 carbon atoms, an aralkyi group of 7 to 20 carbon atoms or a triorganosiloxy group of the formula 
(R^)3SiO-, in which R^ represents a monovalent hydrocarbon group of 1 to 20 carbon atoms and the three R"^ 
groups may be the same or different; when R^ or R^ exists in 2 or more, each may represent the same group or 
different groups; X represents a hydrolyzable group or a hydroxyl group and when X exists in 2 or more, each may 
represent the same group or different groups; a represents an integer of 0 to 2; b represents an integer of 0 to 3; 
30 m represents an integer of 0 to 1 9 and when m exists in 2 or more, a in m of the -[Si(R^)2-a(X)aO]m- group may rep- 
resent the same value or different values; X exists in at least one. 

4. The curable composition according to Claim 1 , 2 or 3, 
wherein the acid (B) is a carboxylic acid. 

35 

5. The curable composition according to Claim 1 , 2, 3 or 4, 
wherein the amine (C) is a primary amine. 

6. The curable composition according to Claim 1 , 2, 3, 4 or 5, 

40 

which contains the acid (B) and the amine (C) respectively in molar excess over the tin-series curing catalyst 
(D). 



45 



50 



55 



10 



EP1 024 170 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP98/04533 



A. CLASSIFICATION OF SUBJECT MATTER 

Int-Cl^ C08L71/02, C08L43/04, C08K5/17, C08K5/09 

According to International Patent Qassification (IPQ or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum docuniCTtation searched (dassification system followed by classification synibols) 
Int,Cl* C08L71/00-71/14 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
WPIL (DIALOG) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, d the relevant passages 

JP, 6-49177, A (Shin-Btsu Chemical Co-,Ltd.)f 
22 February, 1994 (22. 02. 94), 

Claims ; Par. Nos. [0014], [0016], [0022], [0023] 
6 EP, S84978, Al US, 5424383, A 

JP, 6-212 077, A (Shin-Etsu Chemical Co.,Ltd.)f 
2 August, 1994 (02, 08. 94), 

Claims ; Par. Nos. [0031] to [0033], [0040], [0042] 

(Family: none) 

JP, 5-117518, A (Kanaka Corp.), 
14 May, 1993 (14. 05. 93), 
Claims ; Par. Nos. [0039] to [0049] 
& EP, 538880, A2 

JP, 4-335080, A (Kaneka Corp.), 
24 November, 1992 (24. 11. 92), 
Claims (Family; none) 



Relevant to claim Na 



X 

Y 



X 

y 



X 
Y 



1, 3-6 
2 



1, 3-6 
2 



I, 3, 5 
2 



[x\ Further documents are listed in the continuation of Box C. See patent family 



* Special categories of dtcd d 
"A* document deftding the genenl state of the art which is oot 

conadcfcd to be of panicular retevanoe 
"E" earlier document but published on or after the intentalional filing dale 
"L* dociiinem which may throw dodbtt on priority daun(s) or whic^ 

died to estaUifh Ihc paUicarion dale of anolher dtatioa or oiher 

special reason (as apedlicd) 
"0" document referring to aa onl diadosuic. use, exhAiitioa or other 

means 

dcjcument puMished prior to the inlenntioiial filing date but later than 
the priority dale datmed 



"T later document published after the inleraatianal niing dale or priority 

date and not in conflict with the application but dted to understand 

tike prindple or theory underiyins the invention 
"X" docuntent of particular rdevanoe; the daimed invention cannot be 

CDOsidBicd novd or cannot be oonddefed to involve an invealive step 

wbea the docnmeni u taken tkme 
"Y* document of patiicuUr rdev«noc; the daimod invention cumot be 

considered to invoive an inventive step when the document is 

combined with one or more otbcr such docunwals. sudi combination 

beiag obviotB to a penoa ikllled ia the art 
'A' document member of the same patent family 



Date of the actual ootnpletion of the international seardt 
14 January, 1999 (14. 01. 99) 



Date of mailing of the international seardi report 
26 January, 1999 (26. 01. 



99) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized oHioer 



Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



11 



EP1 024 170 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP98/04533 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of dtxaiment, with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



JP, 8-176429, A (Asahi Glass Co. , Ltd.)/ 

9 July, 1996 (09. 07. 96), 

Claims ; Par. No. [0031] (Family: none) 

JP, 7-233316, A (Asahi Glass Co.,Iit:d.), 

5 September, 1995 (05. 09. 95), 

Claims ; Par. No. [0031] (Family: none) 



Fonn PCrr/ISA/210 (continuation of second sheet) (July 1992) 



12 



